Introduction
In 1976 Fischer et al. 1 and Berke 2 independently reported the synthesis of the first allenylidene complexes, L n Md CdCdC(R 1 )R 2 . Since then, this new class of organometallic compounds has attracted a great deal of attention. Allenylidene complexes of most transition metals are now known, including complexes of titanium, chromium, tungsten, manganese, rhenium, iron, ruthenium, osmium, rhodium, iridium, and palladium. 3 In most syntheses propargylic alcohols, HCtCC(R 1 )-(R 2 )OH, are used as the source of the allenylidene C 3 fragment, following a strategy originally introduced by Selegue. 4 Coordination of the propargylic alcohol to the transition metal and tautomerization gives a hydroxyvinylidene ligand.
Subsequent elimination of water finally affords the allenylidene ligand.
We recently reported on the synthesis of the first stable palladium allenylidene complexes by a different method.
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Instead of propargylic alcohols, easily accessible N,Ndimethyl propiolamides were used as the C 3 source. Bromination of the terminal alkyne and subsequent oxidative addition to the zerovalent palladium complex [Pd(PPh 3 ) 4 ] yielded the corresponding alkynyl complex. Alkylation of these alkynyl complex at the oxygen atom of the dimethylamide substituent with either MeOTf or [Me 3 O]BF 4 gave allenylidene complexes in almost quantitative yield (Scheme 1).
We now report that even dicationic bis(allenylidene) complexes are readily accessible by alkylation of suitable alkynyl complexes and on the synthesis of the first allenylidene complexes of platinum.
Results and Discussion
The bis(alkynyl)palladium complexes 2a,b, required as starting material for the synthesis of bis(allenylidene) complexes by alkylation, were initially prepared by reaction of propiolamides 1a,b with [PdCl 2 (PEt 3 ) 2 ] in NEt 3 in the presence of a catalytic amount of copper(I) iodide (Scheme 2). In these reactions NEt 3 acts simultaneously as the solvent and the base. The same method was used by Osakada et al. 6 for the synthesis of bis(alkynyl) complexes from methyl propiolate and [PdCl 2 (PEt 3 ) 2 ]. Copper-catalyzed coupling of terminal alkynes with palladium halides was originally † Part of the Dietmar Seyferth Festschrift. Dedicated to Dietmar Seyferth. *To whom correspondence should be addressed. E mail: helmut. fischer@uni konstanz.de. Fax: þ7531 883136.
(1) Fischer, E. O.; Kalder, H. J.; Frank, A.; Kohler, F. H.; Huttner, G. Angew. Chem. 1976, 88, 683; Angew. Chem., Int. Ed. Engl. 1976, 15, 623. (2) Berke, H. Angew. Chem. 1976, 88, 684; Angew. Chem., Int. Ed. Engl. 1976, 15, 624. (3) For reviews see: (a) Bruce, M. I.; Swincer, A. G. Adv. Organomet. Chem. 1983, 22, 59. (b) Bruce, M. I. Chem. Rev. 1991, 91, 197. (c) Doherty, S.; Corrigan, J. F.; Carty, A. J.; Sappa, E. Adv. Organomet. Chem. 1995, 37, introduced by Hagihara et al. 7 in 1970. In comparison to the method used for the synthesis of the first monoallenylidene complexes (see Scheme 1), this route offered two advantages: (a) the preparation of often air-and temperature-sensitive bromoalkynes by brominating terminal alkynes could be avoided and (b) instead of sensitive zerovalent tetrakis-(phosphine)palladium complexes, air-stable [PdCl 2 (PEt 3 ) 2 ] could be used as the precursor complex.
After recrystallization from CH 2 Cl 2 the bis(alkynyl) complexes 2a,b were obtained in only modest yields (2a, 45%; 2b, 48%). In addition to 2a,b, ca. 30% of [PdCl 2 (PEt 3 ) 2 ] was recovered. It was not possible to increase the yield by extending the reaction time or by using the propiolamides 1a,b in large excess.
However, it was possible to considerably increase the yield of the bis(alkynyl) complex 2b by transmetalation of the alkynyl ligand from silver to palladium. In addition, tedious fractional crystallization of the starting material and the product could thus be avoided. When the propiolamides 1a,b were treated with silver nitrate, the corresponding silver acetylides 3a,b were obtained in almost quantitative yield. gave, after column chromatography, complex 2b in 68% isolated yield.
The observation of a triplet for the resonance of the palladium-bound carbon atom in the 13 C NMR spectra ( 2 J PC = 16.6 Hz) indicated that the two phosphine ligands were mutually trans. Signals due to the corresponding cis isomer were not detected.
Alkylation of 2a,b with 2.3 equiv of either MeOTf or [Me 3 O]BF 4 gave dicationic allenylidene complexes. The alkylation proceeded exclusively at the oxygen atom. The addition of electrophiles to the C β atom of (neutral or anionic) alkynyl complexes has turned out to be a convenient route to vinylidene complexes. 9 However, in the reactions of 2a,b with "Me þ " there was no indication for an addition of the electrophile to the C β atom of either one or both alkynyl ligands. The bis(allenylidene)palladium complexes 4a-X and 4b-X (X = OTf, BF 4 ) were isolated as white solids in quantitative and approximately 90% yields when MeOTf and [Me 3 O]BF 4 were used as the alkylation agent, respectively. These very high yields are surprising, especially when considering that in the "second" reaction step cationic complexes are alkylated to form dicationic complexes and that only a slight excess of the alkylation agent is required. From the NMR spectroscopic data of 4a-X and 4b-X (e.g., 2 J PC = 15.6 Hz) it followed that the trans orientation of the ligands in the alkynyl complexes was retained in the allenylidene complexes. The synthesis of a related trans-bis(allenylidene)-palladium complex by a different method transmetalation of allenylidene ligands from silver to [Pd(PPh 3 ] 4 ] accompanied by oxidation of Pd(0) to Pd(II) has recently been reported.
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The new bis(allenylidene)palladium dications are symmetrically substituted. Therefore, we next addressed the question whether bis(allenylidene) complexes with two different allenylidene ligands are also accessible. To achieve that goal, the synthetic strategy had to be modified. Two options were conceivable: either starting from a bis(alkynyl) complex having two different alkynyl ligands or using two different alkylating agents. We choose the former option, although it required more reaction steps. First, the mono(alkynyl) complex 5 was synthesized by oxidative addition of BrCtCC-(dO)N(CH 2 ) 4 to [Pd(PPh 3 ) 4 ] followed by substitution of P i Pr 3 for the less basic PPh 3 ligand. 5 Transmetalation of "CtCC(dO)NMe 2 " from Ag to Pd by addition of 1 equiv of the silver acetylide 3a to a solution of 5 in CH 2 Cl 2 afforded the bis(alkynyl) complex 6 in 59% yield. The bis(allenylidene) complex 7-OTf, containing two different allenylidene ligands, was finally isolated in quantitative yield after alkylation of 6 with MeOTf as an off-white solid (Scheme 3). The observation of only one singlet in the 31 P NMR spectra and of a triplet for the palladium-bound carbon atom in the 13 C NMR spectra of 6 and 7-OTf ( 2 J PC = 14.6 Hz (6) and 13.6 Hz (7-OTf)) confirmed that again the two phosphine ligands are mutually trans. There was no indication for the formation of a cis isomer.
The alkylation route to allenylidene complexes should also be applicable to the synthesis of allenylidene complexes of platinum, provided that the corresponding (alkynyl)platinum Our initial attempts to synthesize (alkynyl)platinum complexes by the copper-catalyzed method met with failure. However, the complexes could be obtained in good yield by transmetalation of alkynyl ligands from silver to platinum (Scheme 4). The transmetalations proceeded smoothly, albeit significantly slower than those from silver to palladium. In contrast to bis(alkynyl)palladium complexes, the structure of the isolated bis(alkynyl)platinum complexes depended on the reaction time. When the reaction of 2 equiv of silver acetylide 3a with a suspension of the alkynyl acceptor [PtCl 2 (PPh 3 ) 2 ] in CH 2 Cl 2 was terminated after 2 h, the cis-bis(alkynyl) complex 8a was obtained, after column chromatography, in 68% isolated yield. The cis arrangement was deduced from the double doublet of the metal-bound carbon atoms in the 13 C NMR spectrum ( 2 J PC = 144.7 and 20.5 Hz). When the reaction time was extended to 16 h, exclusively the trans-bis(alkynyl) complex 9a was isolated in 80% yield. In contrast to the case for 8a the resonance of the platinum-bound carbon atoms in 9a appeared as a triplet ( 2 J PC = 14.6 Hz), thus confirming the trans arrangement. Since pure cis-8a was found to be stable in solution and did not isomerize to form the trans complex 9a, silver acetylide must play an important role in promoting the cis trans isomerization. Analogously to 9a, the trans complex 9b was prepared by following the same procedure.
Similarly to the related palladium complexes, the alkylation of 8a and 9a with MeOTf gave bis(allenylidene)platinum complexes in quantitative yield (Scheme 4), whereas the alkylation of 9a with [Et 3 O]BF 4 afforded the corresponding bis(allenylidene) complex in only 60% yield (after recrystallization). The stereochemistry at the metal center did not change on alkylation. Thus, the cis complex 10a-OTf (C R : 2 J PC = 140.5 and 19.1 Hz) was obtained from cis-8a and the trans compound 11a-OTf (C R : 2 J PC = 13.8 Hz) from trans-9a.
All new alkynyl and allenylidene complexes were characterized by spectroscopic means and by elemental analyses. The resonances of the alkynyl ligand in the 13 C NMR spectra compared well with those of known palladium alkynyl complexes.
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Two singlets for the N-bound methyl groups in the NMR spectra of the bis(alkynyl) complex 2a and the bis-(allenylidene) complex 4a-BF 4 indicated a rather high barrier to rotation around the C(sp Organometallics, Vol. 29, No. 21, 2010 5157 character and a rather important contribution of resonance form III to the overall bond description (Scheme 5). The conclusion is supported by the appearance of the C R resonance at rather high field. From the NMR spectra it also follows that resonance form IV can only play a minor role (if one at all).
The formation of dicationic (allenylidene)palladium complexes by O-alkylation of the alkynyl complexes is accompanied by a pronounced shift of the C R resonances to lower field by about 37 ppm, a shift of the C β resonance to higher field (Δδ ≈ 8 ppm), and a shift of the ν(CtC) vibration in the IR spectra to lower energy by only 4 9 cm 1 . Alkylation of bis(alkynyl)platinum complexes leads to similar shifts, almost independent of the cis or trans arrangement of the ligands. On alkylation of related mono(alkynyl) complexes of the type trans-[Br(PR 3 ) 2 PdCtCC(dO)NMe 2 ] these shifts are more pronounced by about 25%. In contrast to C R and C β , the resonances of the C γ atom and of the N substituents are almost unaffected on alkylation. Similar trends have earlier been observed on alkylation of (alkynyl)pentacarbonylchromate complexes to give neutral allenylidene complexes.
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The 13 C NMR spectra of the cis-and trans-bis(alkynyl)-platinum complexes are similar, the resonances of C R and C β of the cis isomers being at only slightly higher field (Δδ ca. 7 ppm (C R ), 4 ppm (C β )). In general, the resonances of the alkynyl ligand in the 13 C NMR spectra compared well with those of other known (alkynyl)platinum complexes. 14 The various 13 C resonances, the observation of two signals for the dimethylamino substituents in the 1 H and 13 C NMR spectra, and the minor changes in the ν(CtC) absorption on double alkylation of the bis(alkynyl) complexes demonstrate the importance of the resonance form III (Scheme 5) for the overall bond description of these cationic allenylidene complexes and indicate that the donor/acceptor properties of alkynyl, allenylidene, and phosphine ligands in these complexes are very similar.
The solid-state structures of the bis(alkynyl) complexes 2b (Figure 1 ), 8a (Figure 2) , and 9b (Figure 3 ) and the structure of the bis(allenylidene)platinum complex 12a-BF 4 ( Figure 4) were additionally established by X-ray diffraction studies (Tables 1 and 2 ). In all four complexes the metal atom has planar coordination. As already deduced from the NMR spectra, the phosphine ligands in complex 8a are mutually cis and those in the bis(alkynyl) complexes 2b and 9b and in the bis(allenylidene) complex 12a-BF 4 are trans. In all complexes (cis and trans) the substituents at C γ have a transoid orientation and occupy opposite positions with respect to the coordination plane of the metal.
In 2b the plane formed by the atoms C(3), O, and N (C γ plane) and the coordination plane of palladium are almost coplanar (torsion angle O(1) C(3) Pd(1) P(1) = 12.9°). In contrast, in the platinum complexes 8a (cis) and 9b (trans) the C γ planes are strongly tilted against the coordination plane of platinum (8a, 63.3 and 71.4°; 9b, 65.4°). In the allenylidene platinum complex 12a-BF 4 the angle between both planes is similar (69.7°) and compares well with that in the bis(allenylidene)palladium complex 13 10 (64.4°); however, it is smaller than that in the mono(allenylidene)palladium Figure 1 . Structure of the bis(alkynyl) complex 2b in the crystal state (ellipsoids drawn at the 50% probability level; hydrogen atoms omitted for clarity). 
5 90°). In all complexes the M C 3 fragment only slightly deviates from linearity, C R C β C γ (167.9 174.1°) being smaller than M C R C β (174.2 178.7°) ( Table 1) .
The Pd C and Pt C(alkynyl) bond lengths are within the usually observed ranges. 11, 15, 16 The Pt C distance in the dicationic allenylidene complex 12a-BF 4 is only marginally less than that in the neutral alkynyl complexes 8a and 9b. The "formal" double bond C R C β in 12a-BF 4 (1.191(3) Å ) compares well with the triple bond in the alkynyl complexes 8a (1.201(5) and 1.203(5) Å ) and 9b (1.207(4) Å ) and is even slightly shorter, indicating considerable triple-bond character (resonance form III in Scheme 5). The C β C γ bond in 12a-BF 4 (1.415(3) Å ) is significantly shorter than in 8a (1.459(5) and 1.450(5) Å ) and 9b (1.456(4) Å ), corresponding to resonance forms I and II (Scheme 5). As expected, O-alkylation results in an elongation of the C γ O bond (Table 1 ) and, conversely, leads to a significant shortening of the C γ N bond (1.306(3) Å in 12a-BF 4 compared to 1.336(5) and 1.349(5) Å in 8a and 1.345(4) Å in 9b). The shortening indicates a stronger π interaction of the NMe 2 substituent with the carbon chain in the allenylidene complex than in alkynyl complexes. Since the C γ N distances in the monocationic complex 14 5 (1.296(4) Å ) and in the dicationic complex 12a are equal, increasing the charge of the complex does not significantly alter the extent of the Me 2 N C γ π interaction.
In summary, various types of bis(allenylidene)palladium complexes as well as the first isolable bis(allenylidene)platinum complexes are readily accessible by a straightforward twostep synthesis from silver acetylides. In contrast to the Figure 4 . Structure of the bis(allenylidene) complex 12a BF 4 in the crystal state. Ellipsoids are drawn at the 50% probability level; hydrogen atoms, anions, and two molecules of acetone are omitted for clarity. corresponding palladium complexes, cis-as well as transbis(allenylidene)platinum complexes can be obtained in pure form by choice of the reaction conditions. All new complexes are remarkably stable and exhibit all characteristic features of π-donor-substituted allenylidene complexes.
Experimental Section
All operations were performed under an inert gas atmo sphere using standard Schlenk techniques. Solvents were dried by distillation from CaH 2 (CH 2 Cl 2 ), LiAlH 4 (petroleum ether, hexane), sodium (THF, Et 2 O), or KOH (NEt 3 ). The silica gel used for chromatography (Baker, silica for flash chromatography) was nitrogen saturated. The yields refer to analytically pure compounds and are not optimized. was treated at room temperature with 2.1 mmol of the corre sponding propiolamide 1a,b and 10 mg of CuI. The yellow solution turned colorless, and a white precipitate formed. The mixture was stirred for 60 min at room temperature. The precipitate was filtered off and washed with two 20 mL portions of hexane and then with 40 mL of Et 2 O. The remaining residue was dissolved in 15 mL of CH 2 Cl 2 and crystallized at 28°C overnight. The colorless needles (remaining [PdCl 2 (PEt 3 ) 2 ]) were filtered off, and the crude product was crystallized from 10 mL of CH 2 Cl 2 at room temperature within 5 days to obtain the pure product as colorless crystalline blocks.
Method B. A suspension of 0.5 mmol of [PdCl 2 (PEt 3 ) 2 ] in 10 mL of CH 2 Cl 2 was treated with 1.0 mmol of the correspond ing silver acetylide 3a,b at room temperature. The mixture was stirred for 2 h. To remove AgCl, the mixture was filtered through a short plug of Celite. The resulting yellow solution was concentrated in vacuo, and the crude product was purified by column chromatography using mixtures of CH 2 Cl 2 and acetone as the eluent.
trans-Bis(3-(dimethylamino)-3-oxy-1-propynyl)bis(triethylphosphine)palladium(II) (2a , 49.40; H, 7.91; N, 5.24. Found: C, 49.35; H, 7.58; N, 5.29 . trans-Bis(3-(N,N-tetramethyleneamino)-3-oxy-1-propynyl)bis-(triethylphosphine)palladium(II) (2b H, 5.61; N, 3.25. Found: C, 36.28; H, 5.65; N, H, 6.55; N, 3.79. Found: C, 39.16; H, 6.42; N, , 39.37; H, 5.73; N, 3.06. Found: C, 39.01; H, 5.60; N, H, 8.55; N, 4.20. Found: C, 54.22; H, 8.26; N, (PPh 3 ) 2 ] in 10 mL of dry CH 2 Cl 2 was treated with 0.6 mmol of the corresponding silver acetylide at room temperature. The mixture was stirred (for the reaction time, see below) at room temperature. Then the mixture was filtered through a short plug of Celite to remove AgCl. The resulting yellow solution was concentrated in vacuo, and the crude product was purified by column chromatography using mix tures of CH 2 Cl 2 and acetone as eluent.
cis-Bis(3-(dimethylamino)-3-oxy-1-propynyl)bis(triphenylphosphine)platinum(II) (8a). Reaction time: 2 h. White solid. Yield: 68%. Mp: 185°C dec.
